Background: Inactivation of Krüppel-like factor 2 (KLF2) in myeloid cells induces activation of proinflammatory mediators. Results: Macrophage KLF2 deficiency increases chemokine expression and modulates microRNA levels. Conclusion: KLF2 suppresses expression of proinflammatory chemokines Ccl2 and Cxcl1 via modulation of miR-124a and miR-150 levels in myeloid cells. Significance: The anti-inflammatory properties of KLF2 include modification of microRNA expression in macrophages.
Atherosclerosis is the leading cause of morbidity and mortality in the United States (1) . The pathogenesis of early atherosclerosis involves the accumulation of lipoprotein aggregates in the subendothelial space (2) , recruitment of monocytes, and activation of macrophages in the vessel wall, with subsequent foam cell formation and activation of the underlying smooth muscle cells (3) . The recruitment of inflammatory cells to the atherosclerotic lesion areas is guided by chemoattractants and endothelial leukocyte adhesion molecules. The activated macrophages secrete inflammatory chemokines and cytokines that are instrumental mediators of atherosclerotic plaque formation and propagation of vascular inflammatory response (4 -6) . Importantly, preventing monocyte entry into the vessel wall by blocking chemokines and their receptors has been shown to prevent atherogenesis in mouse models of atherosclerosis (7) . Therefore, further understanding of pathways that protect from the development of atherosclerosis may elucidate potential new therapies.
One of the most effective and frequently prescribed medication to reduce the risk of atherosclerosis is statins. Although the major effect of statins is the inhibition of HMG-CoA reductase, thereby reducing endogenous cholesterol biosynthesis to lower plasma LDL-cholesterol levels, statins have also been shown to have additional anti-inflammatory properties independent of lowering cholesterol (8) . The anti-inflammatory properties of statins are at least in part mediated through activation of Krüp-pel-like factor 2 (KLF2), 2 a member of the zinc finger family of transcription factors.
In recent years, it has become increasingly clear that KLF2 plays a central role in the regulation of immune cell activation (9 -11) . Multiple studies by our laboratory and others have demonstrated the importance of KLF2 in the differentiation and function in a variety of cell types, including T cells, monocytes, neutrophils, lung cells, endothelial cells, and adipocytes (11) (12) (13) . Overexpression of KLF2 induces T cell quiescence (14) and represses proinflammatory activation in monocytes (11) . Das et al. (11) have shown that KLF2 overexpression attenuates LPS-mediated induction of the proinflammatory mediators such as Ccl2/Mcp-1, TNF-␣, IL-1␤, and Cox-2. More recently, we have shown that myeloid-specific inactivation of KLF2 increases atherosclerosis in hypercholesterolemic mice (15) . The increased atherosclerosis corresponded to elevated adhesion of the KLF2-deficient macrophages to endothelial cells and their infiltration into atherosclerotic lesion areas. However, the molecular mechanism by which the KLF2 modulates the proinflammatory activation and progression of atherosclerosis remains unclear.
MicroRNAs (miRNAs), a family of small noncoding RNAs (ϳ22 nucleotides), have recently emerged as powerful posttranscriptional regulators of various biological processes that determine cell fate and signaling events (16, 17) . In endothelial cells lining the vessel wall, KLF2 mediates the expression of multiple miRNAs, including miR-143, miR-145, and miR-146a, to promote endothelial and smooth muscle cell communication in protection against atherosclerosis (18) . MicroRNAs also play an important role in macrophage biology by regulating their differentiation from precursor cells and modulating the expression of proinflammatory mediators and integrins (19) . For example, miR-92a, miR-124a, miR-146a, miR-150, and miR-223 have been shown to be negative regulators of inflammation and myeloid cell proliferation (20 -25) . However, whether KLF2 also mediates miRNA expression in macrophages and their role in preventing proinflammatory activation remain elusive to date. Here, we identified miRNAs that are regulated by KLF2, and we show that miR-124a and miR-150, in particular, are responsible for mediating KLF2 suppression of Ccl2 and Cxcl1 expression in macrophages.
EXPERIMENTAL PROCEDURES

Animals-The Klf2
fl/fl mice were generated and backcrossed to C57BL/6 background as outlined (15) . The Klf2 fl/fl mice were mated with Ldlr Ϫ/Ϫ mice (The Jackson Laboratory) and then crossed with transgenic mice expressing Cre recombinase under the control of the LysM promoter (LysM-cre, The Jackson Laboratory) to generate Ldlr Ϫ/Ϫ mice with or without KLF2 expression in myeloid cells (myeKlf2 ϩ/ϩ and myeKlf2 Ϫ/Ϫ mice, respectively). The Klf2 fl/fl mice without the Cre recombinase transgene were used as controls throughout the study. All mice were housed in pathogen-free conditions at the University of Cincinnati in accordance with National Institutes of Health guidelines. All the procedures and animal care were reviewed and approved by the University of Cincinnati Institutional Animal Care and Use Committee.
Chemokine Assay-Plasma was obtained from 2-to 3-monthold female myeKlf2 ϩ/ϩ and myeKlf2 Ϫ/Ϫ mice. Chemokine levels in plasma were analyzed by quantification with the multiplex MCYTOMAG-70K assay (EMD Millipore), according to the manufacturer's instructions.
Peritoneal Macrophage Isolation and Treatment-Thioglycollate-recruited macrophages were isolated by peritoneal lavage 3 days after intraperitoneal injection of 1.5 ml of 3% sterile thioglycollate medium. Briefly, 30 g of dehydrated Brewer thioglycollate medium powder (Sigma) was dissolved in 1000 ml of deionized water and autoclaved. The medium was kept in the dark under sterile conditions at room temperature for at least 3 months before injection into mice. Macrophages from the peritoneal lavage were captured by CD11b microbeads (Miltenyi Biotec) and were treated with 1 g/ml lipopolysaccharide (LPS) and 20 ng/ml interferon ␥ (IFN␥) for 24 h prior to analysis.
RNA Isolation and Real Time Quantitative PCR (RT-qPCR)-Total RNA, including miRNAs, was isolated from peritoneal macrophages using the mirVana miRNA isolation kit (Ambion). Expression of mRNA was quantified using gene-specific primers as indicated in Table 1 . MicroRNA expression was measured and quantified using the TaqMan microRNA assay (Applied Biosystems) according to the manufacturer's protocol and normalized by U6 snRNA levels. RTqPCR was performed on an ABI7300 real time PCR system (Applied Biosystems) using TaqMan universal master mix for miRNAs and SYBR Green mix. Relative gene expression was calculated using the ⌬⌬C t methodfollowingthemanufacturer'sinstructions.Allreactions were carried out in triplicate.
Transfection of miRNA Mimics and miRNA Inhibitors in Mouse Macrophages-The miRNA mimics and miRNA inhibitors for miR-124a and miR-150 were obtained from Ambion. Peritoneal macrophages adjusted to 2 ϫ 10 6 cells/well were transfected with 30 pmol of miRNA mimic or 50 pmol of miRNA inhibitor with Lipofectamine RNAiMAX reagent as instructed by the manufacturer. The transfected cells were incubated at 37°C in 5% CO 2 for 48 h followed by LPS and IFN␥ treatment for 24 h. RNA isolated from the transfected cells was tested for appropriate chemokine expression.
ELISA-The culture supernatants from the miRNA mimics and miRNA inhibitor-transfected cells were harvested, centrifuged to remove cellular debris, and stored at Ϫ80°C until assayed by ELISA. Each experimental condition was carried out in triplicate. Chemokine levels in plasma were analyzed by quantification with the Milliplex MCYTOMAG-70K assay (EMD Millipore) according to the manufacturer's instructions.
Chromatin Immunoprecipitation-Chromatin immunoprecipitation (ChIP) for peritoneal macrophages was performed using the agarose ChIP kit (Pierce) with anti-KLF2 (Millipore) antibody. Immunoprecipitated chromatin was purified and analyzed using RT-qPCR. The following primer pairs were used to detect the KLF2-binding sites in the mouse miR-150 promoter region: Ϫ550/Ϫ388 (5Ј-AGAGGGCCTGAGTGCA-GTT-3Ј and 5Ј-GGTGCTGTAGAGGCCACAAG-3Ј); Ϫ3058/Ϫ2835 (5Ј-AGGCTCCTCGGAGTACAGGT-3Ј and 
5Ј-TGGGATGCAGGACTAAGGTC-3Ј); and Ϫ4000/Ϫ3800 (5Ј-GCTCCTCCATCTCCTCACAG-3Ј and 5Ј-CTGTCCTG-CCTAGGAGCAAT-3Ј). RT-qPCR was performed on an ABI-7300 real time PCR system (Applied Biosystems) using SYBR Green master mix. Fold enrichment was calculated as the ⌬⌬C t method and expressed relative to the IgG control.
Statistical Analysis-Statistical analysis was performed with GraphPad InStat program, and values were expressed as mean Ϯ S.D. Multiple comparisons were tested by analysis of variance, with Student Newman-Keuls post hoc analysis. A difference of p Յ 0.05 was considered statistically significant.
RESULTS
KLF2 Deficiency in Macrophages Increases
Plasma Chemokine Levels-We have previously reported that myeloid-specific KLF2 inactivation results in increased adhesion of myeloid cells to endothelial cells and thus promotes atherosclerosis in hypercholesterolemic Ldlr Ϫ/Ϫ mice fed a high fat diet (15) . Because activated monocytes-macrophages may also secrete inflammatory chemokines that cause additional endothelial damage, we measured plasma chemokine levels in myeKlf2 Ϫ/Ϫ mice using multiplex MCYTOMAG-70K assay. The data obtained from this assay showed that levels of the chemokines Ccl2/monocyte chemotactic protein-1, Ccl4/macrophage inflammatory protein-1␤, Ccl5/RANTES, and Ccl11/eotaxin were significantly increased in the plasma of myeKlf2 Ϫ/Ϫ mice compared with the myeKlf2 ϩ/ϩ mice ( Fig. 1 ). These data showed an elevated level of basal inflammation in myeloid cells with specific loss of KLF2 expression.
Expression of Proinflammatory Mediators in KLF2-deficient Macrophages-
The elevated chemokine levels in plasma of mice with myeloid-specific KLF2 deficiency suggested that KLF2 may directly modulate chemokine expression in myeloid cells. Alternatively, KLF2 expression in myeloid cells may modulate inflammatory chemokine expression in other immune cells indirectly. To test these possibilities, peritoneal macrophages isolated from myeKlf2 ϩ/ϩ and myeKlf2 Ϫ/Ϫ mice were incubated for 24 h with or without LPS ϩ IFN␥ to induce differentiation into the more inflammatory M1 phenotype. Real time quantitative-PCR analysis of RNA samples isolated from these macrophages revealed no major differences in chemokine expression, except for Ccl5, under basal unstimulated conditions ( Fig. 2A) . However, Ccl2, Ccl7/monocyte chemoattractant protein-3, Cxcl1, IL-6, and Cox-2 were significantly increased in peritoneal macrophages isolated from myeKlf2 Ϫ/Ϫ mice compared with those isolated from myeKlf2 ϩ/ϩ mice after stimulation with LPS and IFN␥ (Fig. 2B) . However, the expression levels of Ccl4 and Ccl11 were found to be similar between myeKlf2 ϩ/ϩ and myeKlf2 Ϫ/Ϫ macrophages (Fig. 2) . These studies demonstrated that KLF2 modulates expression of a selective ϩ/ϩ (solid bars) and myeKlf2 Ϫ/Ϫ (open bars) mice, and mRNA levels for each cytokine and chemokine indicated on the x axis were quantified by RT-qPCR after normalization to the expression levels of Gapdh. Expression levels observed with myeKlf2 ϩ/ϩ macrophages were set at 1.0 in each case. The data represent the mean Ϯ S.E. of triplicate experiments. * and ** denote statistically significant differences at p Ͻ 0.001 and p Ͻ 0.01, respectively.
subset of proinflammatory mediators in macrophages and that the proinflammatory response in myeKlf2 Ϫ/Ϫ mice is due to both direct and indirect effects of KLF2 in myeloid cells.
Role of MicroRNA in Expression of Proinflammatory Mediators in KLF2-deficient Macrophages-
The next study examined whether KLF2 also regulates miRNA expression in peritoneal macrophages. Specifically, we performed RT-qPCR to compare the expression levels of miR-150, miR-124a, miR-223, miR146a, and miR-92a in myeKlf2 ϩ/ϩ and myeKlf2 Ϫ/Ϫ macrophages after activation with LPS and IFN␥. These miRNAs were selected for this study based on their previously demonstrated roles in controlling immune response and macrophage activation (26) . The data revealed no significant differences in expression levels of miR-223, miR-146a, and miR-92a between Klf2 ϩ/ϩ and Klf2 Ϫ/Ϫ macrophages. However, expression levels of miR-124a and miR-150 were significantly lower in Klf2 Ϫ/Ϫ macrophages (Fig. 3) .
We next transfected the peritoneal macrophages with microRNA mimics and anti-miR to further understand the relationship between the decreased miR-124a and miR-150 levels and elevated expression of the subsets of inflammatory genes in KLF2-deficient macrophages. Transfection with miRNA mimics dramatically increased the miR-124a and miR-150 levels in myeKlf2 Ϫ/Ϫ macrophages. In contrast, the antimiR significantly reduced the expression of these miRNAs in myeKlf2 ϩ/ϩ macrophages (Fig. 4, A and B) . These data indicate that both miRNA mimic and anti-miRNA are efficiently transfected in peritoneal macrophages.
The targets for miR-124a and miR-150 have been described and validated for their participation in inflammatory response regulation (25, 27, 28) . Therefore, we performed computational target prediction analysis (miRBase database) to gain additional insights into the relationship between decreased miR-124a and miR-150 levels and elevated expression of the subset of inflammatory genes in KLF2-deficient macrophages. The alignment of miR-124a and miR-150 sequences with the KLF2-regulated inflammatory mediators identified in Fig. 2 revealed Ccl2 may be a target of miR-124a, which is consistent with reports showing miR-124a directly binds to the 3ЈUTR of Ccl2 mRNA (29) . Additionally, the alignment reveals that Cxcl1 and Cox-2 may be targets of miR-150 (Fig. 5) .
To demonstrate the functional relationship between the miR-124a and miR-150 and their targets, the miRNA mimictransfected Klf2 ϩ/ϩ and myeKlf2 Ϫ/Ϫ peritoneal macrophages were treated with LPS and IFN␥ 24 h prior to measurement of chemokine mRNA levels. Although the miRNA mimics have minimal effects on chemokine expression by Klf2 ϩ/ϩ macrophages, the miR-124a mimic-transfected myeKlf2 ϪϪ cells showed decreased expression of Ccl2 compared with negative miR mimic and miR-150 mimic (Fig. 6A) . These data indicate that reduced expression of miR-124a is directly responsible for elevated Ccl2 expression levels in Klf2 Ϫ/Ϫ macrophages. Interestingly, the Cxcl1 expression was decreased by Klf2 Ϫ/Ϫ cells transfected with either miR-124a mimic or miR-150 mimic (Fig. 6B) . In contrast, Ccl5, Ccl7, IL-6, and Cox-2 expression levels remained unaltered in cells transfected with mimics of miR-124a and miR-150 (Fig. 6, C-F) . Collectively, our data indicate that among the proinflammatory mediators tested, Ccl2 is exclusively controlled by miR-124a, and Ccl2 is regulated by both miR-124a and miR-150, whereas the elevated expression levels of Cox-2, Ccl5, IL-6, and Ccl7 in Klf2 Ϫ/Ϫ macrophages are unrelated to reduced levels of miR-124a or miR-150.
To evaluate whether miRNA mimic-mediated changes in mRNA levels of chemokines led to corresponding changes in protein secretion, we next tested the chemokine secretion in miRNA mimic-transfected Klf2 Ϫ/Ϫ macrophages. Our data revealed that transfection of the miR-124a and miR-150 mimics significantly decreased the secretion of Ccl2 (Fig. 7A) , although the chemokine Cxcl1 secretion was inhibited by the miR-150 Ϫ/Ϫ mice. miRNA levels were quantified by RT-qPCR 72 h post-transfection. MicroRNA expression was normalized to U6 snRNA, and expression levels observed with the negative control miRNA mimic were set at 1.0 in each case. The data represent mean Ϯ S.E. of triplicate experiments. * denotes statistical significant difference at p Ͻ 0.005. NOVEMBER 7, 2014 • VOLUME 289 • NUMBER 45
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mimic only (Fig. 7B) . These data substantiate that reduced levels of miR-124a and miR-150 are responsible for increased expression of Ccl2 and Cxcl1 in Klf2 Ϫ/Ϫ macrophages To further evaluate a possible direct role of miR-124a and miR-150 in regulating Ccl2 and Cxcl1 expression, we transfected anti-miR-124a (inhibitor) and anti-miR-150 into Klf2 ϩ/ϩ and Klf2 Ϫ/Ϫ peritoneal macrophages and treated the transfected cells with LPS after 48 h. The anti-miR-124a-transfected cells showed an increase in Ccl2 expression compared with negative miR-transfected cells (Fig. 8A) . Interestingly, the anti-miR-124a had no influence on Cxcl1 expression in Klf2 ϩ/ϩ macrophages (Fig. 8B) . These data demonstrated that although suppressing miR-124a activity is sufficient to increase Ccl2 expression in peritoneal macrophages, the increased expression of Cxcl1 observed in Klf2 Ϫ/Ϫ macrophages requires additional factor(s), possibly miR-150, in addition to the reduced level of miR-124a in this cell type. Indeed, the anti-miR-150-transfected cells showed an increase in both Ccl2 and Cxcl1 expression in Klf2 ϩ/ϩ macrophages compared with negative miR-transfected cells (Fig. 8, A and B) . These results demonstrated that Cxcl1 expression is particularly controlled by miR-150 and not miR-124a. However, Ccl2 expression is regulated by both the microRNAs.
Chemokine secretion analysis in anti-miRNA-transfected Klf2 ϩ/ϩ macrophages revealed that transfection of antimiR124a and anti-miR-150 in Klf2 ϩ/ϩ macrophages significantly increased the secretion of Ccl2 and Cxcl1 (Fig. 9) . The apparent discrepancy in the ability of miR-124a mimic to reduce Cxcl1 expression in Klf2 Ϫ/Ϫ macrophages (Fig. 6B ), but the anti-miR-124a failed to recapitulate the Klf2 Ϫ/Ϫ phenotype of elevated Cxcl1 levels in Klf2 ϩ/ϩ macrophage (Fig. 8B) , suggested that the miR-124a effects on Cxcl1 may be dependent on miR-150 expression levels. This possibility was confirmed by observations that the miR-150 mimic significantly reduced the expression of miR-124a in wild type mouse peritoneal macrophages (Fig. 10A) . In contrast, the antimiR-124a did not alter the expression of miR-150 (Fig. 10B) . Thus, these data indicate that the reduced expression of miR-124a in KLF2-deficient macrophages may be indirect through the reduction of miR-150.
Determination of KLF2-binding Sites in miR-150
Promoter by ChIP Assay-To investigate the possibility that KLF2 may directly induce miR-150 transcription, we analyzed the promoter of miR-150 in silico using MatInspector (30), and we 
FIGURE 6. Effects of miR-124a and miR-150 mimics on chemokine expression levels in Klf2
؊/؊ and Klf2 ؉/؉ macrophages. Negative control miRNA mimics, miR-124a mimic, and miR-150 mimic were transfected into peritoneal macrophages obtained from myeKlf2 Ϫ/Ϫ and myeKlf2 ϩ/ϩ mice. The transfected cells were then treated with LPS and IFN␥ for 24 h prior to measurement of mRNA levels for Ccl2 (A), Cxcl1 (B), Ccl5 (C), Ccl7 (D), IL-6 (E), and Cox-2 (F). Chemokine mRNA expression of both Klf2 Ϫ/Ϫ and Klf2 ϩ/ϩ macrophages was normalized to Gapdh mRNA levels. The expression levels observed with the negative control miRNA mimic in Klf2 Ϫ/Ϫ macrophages were set at 1.0 in each case. The data represent mean Ϯ S.E. of triplicate experiments. * denotes statistical significant difference at p Ͻ 0.001 and ** denotes p Ͻ 0.005. found several putative KLF-binding sites in evolutionarily conserved regions ϳ5 kbp upstream of the transcriptional start site (Fig. 11A) . ChIP assay confirmed KLF2 binding to the miR-150 promoter region (Ϫ550 to Ϫ388 bp upstream of transcriptional start site) that contained the consensus KLF2-binding site, "CACCC" (Fig. 11B) . Moreover, this KLF2-binding site is ϳ500 bp upstream to the transcriptional start site and is located in the evolutionarily conserved region of the miR-150 promoter. Thus, these ChIP data are consistent with the hypothesis that KLF2 may directly regulate miR-150 expression in myeloid cells. However, these data cannot exclude the possibility that KLF2 may also regulate the expression of other factors involved in miR-150 expression.
DISCUSSION
Previous studies have shown that myeloid cell-specific KLF2 inactivation accelerates atherosclerosis in hyperlipidemic Ldlr knock-out mice due to increased adhesion of the KLF2-deficient myeloid cells to activated endothelial cells (15) . In this study, we observed elevated inflammation with increased levels of proinflammatory chemokines such as Ccl2, Ccl4, Ccl11, and Ccl5 in the plasma of myeKlf2 knock-out mice compared with that observed in control mice. Analysis of mRNA in peritoneal macrophages of myeKlf2 ϩ/ϩ and myeKlf2 Ϫ/Ϫ mice revealed a direct effect of KLF2 in limiting Ccl2 and Ccl5 expression in response to LPS and IFN␥ activation. Additionally, expression levels of Ccl7, Cxcl1, Cox2, and IL-6 mRNA were also found to be elevated in Klf2 Ϫ/Ϫ macrophages compared with Klf2 ϩ/ϩ macrophages. However, Ccl4 and Ccl11 mRNA levels were similar between Klf2 ϩ/ϩ and Klf2 Ϫ/Ϫ macrophages, indicating that KLF2 does not participate in transcription of these genes. Accordingly, the elevated levels of Ccl4 and Ccl11 in the plasma 
FIGURE 10. Effects of mimics on microRNA expression in Klf2
؊/؊ mice. Negative control miRNA mimics, miR-124a mimic, and miR-150 mimic were transfected into peritoneal macrophages obtained from myeKlf2 Ϫ/Ϫ mice. The expression of miR-124a and miR150 was measured and normalized to the levels of U6 snRNA. The data represent mean Ϯ S.E. of triplicate experiments. * denotes statistical significant difference at p Ͻ 0.005. NOVEMBER 7, 2014 • VOLUME 289 • NUMBER 45 of Klf2 Ϫ/Ϫ mice were not a direct effect of KLF2 inactivation in myeloid cells but likely an indirect effect indicative of overall elevated basal inflammation due to myeloid KLF2 deficiency.
KLF2-mediated miRNA Expression in Macrophages
The KLF2 transcription factor has been shown previously to also modulate miRNA expression in several cell types. For example, KLF2 binds to the promoter of the miR-143/145 gene cluster to up-regulate the expression of these vascular protective genes in endothelial cells (18) . Additionally, KLF2 also mediates the expression of miR-126 in endothelial and glioma cells (31, 32) . In this study, we observed reduced expression of miR-124a and miR-150 in macrophages of myeKlf2 Ϫ/Ϫ mice, thus indicating that KLF2 directly mediates the expression of these two miRNAs in macrophages. Interestingly, Ccl2 was found to be a specific target of miR-124a, and restoration of miR-124a levels in Klf2 Ϫ/Ϫ macrophages significantly reduced Ccl2 mRNA expression. Conversely, the suppression of miR124a activity in Klf2 ϩ/ϩ macrophages with anti-miR-124a recapitulated the elevated Ccl2 mRNA expression levels observed in Klf2 Ϫ/Ϫ macrophages. These results indicate that the difference in plasma Ccl2 levels between myeKlf2 ϩ/ϩ and myeKlf2 Ϫ/Ϫ mice is due to KLF2-mediated expression of miR124a and the consequential suppression of Ccl2 expression in Klf2 ϩ/ϩ macrophages. This study also revealed the efficiency of miR-150 in Klf2 Ϫ/Ϫ macrophages. However, increasing miR-150 levels with miR-150 mimic did not reduce Ccl2 levels in Klf2 Ϫ/Ϫ macrophages (Fig. 6A) . Nevertheless, the suppression of miR-150 activity with anti-miR-150 in Klf2 ϩ/ϩ macrophages resulted in increased Ccl2 mRNA expression (Fig. 7B) . We interpret these results to indicate that miR-150 modulation of Ccl2 expression is indirect and is likely mediated by miR-150 modulation of miR-124a as shown in Fig. 8A . The relationship between KLF2 and miR-150 in Ccl2 regulation is consistent with reports of correlation between decreased levels of KLF2 with reduced miR-150 and elevated Ccl2 levels in the lungs of hypertensive rats (33) .
Our data showed that increasing miR-150 or miR-124a levels with their respective mimics also reduced Cxcl1 expression levels in Klf2 Ϫ/Ϫ macrophages (Fig. 6B) . Because miR-124a expression is regulated by miR-150, these results suggest that the reduced Cxcl1 expression observed in Klf2 Ϫ/Ϫ macrophages is mediated via reduced miR-150 and the consequential reduction of miR-124a. However, anti-miR-124a alone failed to increase Cxcl1 mRNA levels in control Klf2 ϩ/ϩ macrophages. These results suggest that reduction of both miR-124a and miR-150 may be necessary for the increased Cxcl1 mRNA levels in Klf2 Ϫ/Ϫ macrophages. In view of our data showing that miR124a could be regulated by miR-150, and the ChIP data identifying KLF2-binding sites in the promoter region of the miR-150 gene, our results indicate that KLF2 orchestrates an anti-inflammatory role in myeloid cells through miR-150. It is important to note that reduced miR-150 expression has been shown recently to result in enhanced monocyte mobilization from the bone marrow (28) . Therefore, the reduced miR-150 expression levels in Klf2 Ϫ/Ϫ myeloid cells may be responsible for the increased monocyte-to-lymphocyte ratio observed in the blood of myeKlf2 Ϫ/Ϫ mice (15) . Moreover, the miR-124a-and miR-150-responsive chemokine Cxcl1, previously called the melanoma growth stimulatory activity-␣, has neutrophil chemoattractant activity (34) . Thus, reduced miR-150 expression in Klf2 Ϫ/Ϫ macrophages may account for the increased neutrophil accumulation in atherosclerotic areas of hypercholesterolemic myeKlf2 Ϫ/Ϫ mice compared with that observed in hypercholesterolemic myeKlf2 ϩ/ϩ mice. These possibilities are beyond the scope of this study and will be explored in future investigations.
Finally, this study adds further evidence for the diversity by which KLF2 regulates biological processes (35) . In the immune system, KLF2 limits chronic and acute inflammation by suppressing the induction of proinflammatory cytokine and chemokines (36, 37) . The expression of KLF2 in myeloid cells is also important to limit integrin expression and prevent their adhesion to activated endothelial cells on the vessel wall (15) . As illustrated by Jain and co-workers (11, 37) , one mechanism underlying the anti-inflammatory properties of KLF2 is mediated through inhibition of NF-B activity. This study revealed that KLF2 may also suppress proinflammatory chemokine expression via modulation of miRNA levels in myeloid cells. The ability of KLF2 to modulate cellular levels of miRNA in immune cells is reminiscent of its role in endothelial cells, where KLF2 mediates miR-143 and miR-145 expression levels (18, 38) . Thus, the ability of KLF2 to regulate various biological processes may be related to its ability to directly regulate gene transcription activity as well as indirectly through modulation of cellular miRNA. Because KLF2 and cellular miRNAs are major regulators of biological processes and their functions are highly dependent on the cell type involved (17, 35, 39) , additional studies aimed at identifying the relationship between KLF2 expression and miRNA levels in various cell types are clearly warranted.
